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(g) Microprocessor. 

@ A microprocessor has a CPU control unit (4) and a regis- 
ter group (1) for executing a program, and a display unit con- 
trol register (7), a display unit address generator (8) and a con- 
trol signal buffer (9) for generating control signals to be suppli- 
ed to a display unit. The display unit displays display data 
stored in a video RAM in the form of a corresponding character 
or bit image. 
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Microprocessor 

The present invention relates to a microprocessor 
which, in addition to the original arithmetic operation 
function, has a function for sending a control signal to 
a CRT display unit which generates a video signal. 
5 In a conventional system using a microprocessor, a 

picture signal which is generated from a display control 
circuit is supplied to a display device such as a 
cathode ray tube, liquid crystal display device and the 
like, so that it is displayed, 

10 For 'such a display device, a CRT display circuit is 

often used which includes a video RAM as a picture data 
memory and a hardware for converting its memory contents 
to a video signal. A video signal obtained in such a 
CRT display unit is displayed on the CRT. A CRT display 

15 unit displays characters, symbols or the like which are 
obtained by converting data stored in the video RAM in 
accordance with predetermined codes. Alternatively, the 
CRT display unit performs graphic displays in a bit 
image of the data stored in the video RAM. 

20 The CRT frequently used for this purpose displays 

the image by the raster scan method as in the case of a 
commercial TV receiver. With such a CRT display unit, 
horizontal and vertical sync signals are required for 
controlling the sweeping operation. 

25 In the system* using such a microprocessor, a 

program memory, data memory and video RAM are stored in 
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an address space. The video RAM is directly accessed by 
the microprocessor- However, in this system, when the 
capacity of the video RAM is increased, the program and 
data areas are reduced, which is not ideal. In view of 
this, it has been proposed to provide an address space 
for storing the video RAM apart from the address space 
of the microprocessor. Then, these address spaces are 
selectively accessed by an address selection signal. In 
such a system, the CRT display unit must generate a 
video signal corresponding to the display image, 
vertical and horizontal sync signals, address selection 
signals, and so on. The conventional CRT display unit 
uses a special LSI or a combination of ICs such as TTLs 
in order to generate a video signal, vertical and 
15 horizontal sync signals, address selection signals, and 

so on. For this reason, in a small scale system, the 
CRT display unit occupies a large area, the total number 
of parts is increased, and the manufacturing cost is 
high . 

20 It is an object of the present invention to provide 

a microprocessor which has a circuit which generates an 
address signal for a video RAM when a display method 
utilizing the video RAM which is adopted in many CRT 
display circuits is adopted. 
25 With this invention, the configuration of a CRT 

display unit can be significantly simplified, and the 
system cost can be reduced. 

This invention can be more fully understood from 
the following detailed description when taken in 
30 conjunction with the accompanying drawings, in which: 
Fig. 1 is a block diagram showing the internal 
configuration of a Z80 microprocessor; 

Fig. 2 is a diagram showing input/output terminals 
of the Z80 microprocessor; 

Fig. 3 is a block diagram showing the internal 
configuration of a microprocessor according to an 
embodiment of the present invention; 



35 
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Fig. 4 is a timing chart for explaining the mode of 
operation of the microprocessor shown in Fig. 3; 

Fig. 5 is a block diagram showing an example of a 
system using the microprocessor shown in Fig. 3; 
5 Fig. 6 is a block diagram showing the configuration 

of a conventional microprocessor; and 

Fig. 7 is a block diagram showing a microprocessor 
according to another embodiment of the present 
invention . 

10 The preferred embodiment of the present invention 

will now be described with reference to the accompanying 
drawings. The embodiment will be described with 
reference to a case wherein an 8-bit microprocessor, 
particularly a Z80 microprocessor (Model; Zilog Co., 

15 Ltd.) has an additional function of generating a control 
signal to be supplied to a CRT display unit. 

Fig. 1 is a block diagram showing the internal 
configuration of a Z80 microprocessor. A Z80 micro- 
processor has 14 8-bit general registers A, B, C, D f E, 

20 H, L, A 1 , B 1 , C 1 , D 1 , E 1 , H 1 , and L', .an arithmetic and" 
logic unit ALU capable of 8-bit addition/subtraction, 
shift, and logic operations, 16-bit index registers IX 
and IY, a stack pointer SP, a program counter PC, and so 
on. The microprocessor produces 8-bit data signals DO 

25 to D7, 16-bit address signals AO to A15, and a plurality 
of control signals for controlling the microprocessor 
and the system. 

Fig. 2 is a diagram showing signals produced by the 
Z80 microprocessor. The Z80 microprocessor is seen to 

30 produce 16-bit address signals AO to A15 ; 8-bit data 

signals DO to D7 ; system control signals Ml, MREQ , IORQ, 
RD, WR, and RFSH; CPU control signals HALT , WAIT, INT, 
NMI , and RESET ; and CPU bus control signals BUSRQ and 
BUSAK . The microprocessor has a total of 40 pins for 

35 receiving a clock signal <}> , a power source voltage +5 V, 
and ground potential GND. 

The main control signals have the following 
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functions . 

MREQ: The memory request signal indicates that the 

microprocessor wishes to access (read or write) 
the memory, and is also used in the refresh cycle. 
IORQ: The I/O request signal indicates that the 

microprocessor wishes to access (read or write) an 
I/O, and is also used for an interrupt ackowledge. 
RD: The read signal indicates that the microprocessor 

wishes to read data from the memory or I/O. 
WR: The write signal indicates that the microprocessor 

can write data in the memory or I/O. 
Ml: This control signal indicates that the 

microprocessor is in the fetch cycle of the first 
byte of an operation code, or is used as an 
interrupt acknowledge signal INTA in synchronism 
with the I/O request. 
Fig. 3 is a block diagram showing a 1-chip 
configuration in which a control function of the CRT 
display unit is added to the Z80 microprocessor. The 
portion enclosed by double lines in Fig. 3 corresponds 
to a part added to the Z80 microprocessor. Referring to 
Fig. 3, reference numeral 1 denotes a register group 
consisting of the above-mentioned registers, an 
arithmetic and logic unit, and so on. These registers, 
the arithmetic and logic unit, etc., are connected to an 
internal address bus 2 and an internal data bus 3, 
respectively. The register group 1 is controlled by a 
CPU control unit 4 in accordance with predetermined 
functions so as to perform data supply or data fetch 
through the internal address bus 2 or the internal data 
bus 3. The contents on the internal address bus 2 and 
the internal data bus 3 are sent outside the system 
through an address multiplexer 5 and a data buffer 6, 
respectively . 

In the microprocessor of the embodiment described 
above, a display unit control register 7, a display unit 
address generator 8, and a control signal buffer 9 are 
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included so as to obtain a control signal for the CRT 
display unit. The display unit control register 7 
generates vertical and horizontal sync signals V-SYNC 
and H-SYNC, top address of display area and data of 
5 addressing range for performing raster scan in a CRT. 
Provided the frequency of the clock signal $ is 
constant, the sync signals can be obtained by 
frequency-dividing the clock signal $ by a suitable 
ratio. If the frequency of the clock signal <j> is 

10 indeterminate, a programmable register can be used in 
which data can be set by means of a program as in the 
case of the register group 1 and the frequency division 
ratio can be determined in accordance with such data. 

The display unit address generator 8 generates an 

15 address of a video RAM at which data to be displayed by 
the CRT display unit is stored. The display unit 
address generator 8 can- comprise a series circuit of a 
desired number of binary counters. The respective bits 
of the count data of the counters are produced in 

20 parallel with each other. An, address signal for 
accessing the video RAM and an address signal for 
producing the data to the internal address bus 2 for 
execution of the program or the like, which are produced 
from the display unit address generator 8, are 

25 selectively produced outside of the system by the 
address multiplexer 5. Display status signals are 
produced through the control signal buffer 9 in order to 
indicate that the address signal for the video RAM of 
the CRT display unit is being produced while the address 

30 signal is generated by the address generator 8. The 

sync signals V-SYNC and H-SYNC are produced through the 
control signal buffer 9. Control signals of the 
microprocessor are produced outside of the system 
through a CPU control signal buffer 10. 

35 As has been described earlier, the Z80 

microprocessor has a total of 40 pins. However, when 
an additional function is included as in the case of 
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this embodiment, the number of terminals exceeds 40 due 
to an increase in the number of signals to process. 
Accordingly, the original package cannot be used. In 
this case , since the display status signals and sync 
signals V-SYNC and H-SYNC need not be generated 
simultaneously, the system can be packaged with 40 pins 
without substantially impairing the original functions 
of the Z80 microprocessor. In other words, detection of 
the signal HALT is performed using the terminal of the 
signal Ml. First and second display status signals STl 
and ST2 are produced from terminals of signals HALT and 
RFSH. 

A decoder circuit can be used in accordance with 
the combination of the first and second display status 
signals so as to define the control signals. When the 
first and second display control signals STl and ST2 are 
set at n H n and "L" levels, respectively, the 
corresponding period is determined to be a period 
wherein the video RAM is accessed. When STl = "L" and 
ST2 i= "H" , the corresponding period is determined to be 
a period wherein the vertical sync signal V-SYNC is 
generated. When STl = "L" and ST2 = N L H , the 
corresponding period is determined to be a period 
wherein the horizontal sync signal H-SY"NC is generated. 

Although the output of the control signals can be 
controlled in accordance with the display status signals 
as described above, it may be performed by generating 
different types of control signals upon switching the 
pin function in accordance with a software operation 
code. Then, the number of different output signals can 
be increased without requiring an increase in the total 
number of pins. 

In the embodiment described above, a conventional 
circuit for performing address scanning to display data 
in the video RAM, and a conventional switching circuit 
for switching between an address signal from this 
circuit arid an output from the internal address bus 2 
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at the side of the microprocessor can be omitted. 
Furthermore, a circuit for generating the sync signals 
V-SYNC and H-SYNC can also be omitted, so that the 
overall configuration of the CRT display unit can be 
5 simplified. In consequence, the number of parts of the 
CRT display unit and its cost can also be reduced, and 
the circuit configuration thereof can be significantly 
simplified. The area of a printed circuit board for the 
system can therefore be reduced. In the system of the 
10 embodiment described above, switching control between 

memory access of the video RAM by the microprocessor and 
memory access for display is performed by the micro- 
processor itself. Accordingly, noise on the display can 
be prevented which is caused when access from more than 
15 one circuits to a memory is made simultaneously. 

Without this feature, in order to prevent noise from 
appearing on the display screen, a sufficient time 
margin must be allowed for accessing the memory, 
resulting in a low operation speed. The microprocessor 
20 of the present invention does not have such a problem. 
The microprocessor of the present invention allows 
display of a high quality image, simplification of 
circuit configuration and improvement in reliability 
• without decreasing the arithmetic operation speed in the 
25 microprocessor. 

The present invention is not limited to] the 
embodiment described above. For example, sync signals 
V-SYNC and H-SYNC can be omitted depending on the 
circuit configuration. In this case, an address 
30 generator for generating an address of the video RAM, 
and a multiplexer of an address buffer for switching 
this address signal must be incorporated. With this 
modification, the CRT display unit can also be 
simplified, and a CRT of raster scan type as well as 
35 other types can be used. 

Fig. 5 shows a block diagram of an example of a 
system using the microprocessor shown in Fig. 3 
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according to the embodiment of the present invention. 
Reference numeral 11 denotes a microprocessor; and 12, 
a clock generator for supplying a clock signal <P to the 
microprocessor 11. Data output and address output from 
the microprocessor 11 are supplied to a memory 15 and an 
1/0 16 through a data bus 13 and an address bus 14, 
respectively. The data bus 13 is supplied to parallel 
input terminals of a parallel-to-serial converter 18 
through a buffer 17 having a latch function. The memory 
15 stores at least a program for operating the system as 
a terminal. First and second display status signals ST1 
and ST2 of the microprocessor 11 are decoded by a 
decoder 19 so as to selectively extract vertical and 
horizontal sync signals V-SYNC and H-SYNC which are 
supplied to a CRT (not shown). During the output period 
of the address of the video RAM, data supplied to the 
data bus 13 is latched in the buffer 17 and is converted 
into serial signals by the parallel-to-serial converter 
18 in synchronism with a shift clock' so as to obtain a 
video signal. The video signal is then supplied to the 
CRT (not shown). Since the address generator for 
generating the vertical and horizontal sync signals 
V-SYNC and H-SYNC and the address signal for the video 
RAM are included in the microprocessor, the system 
configuration including the CRT display unit can be 
sign if icantly simplified . 

The system configuration can be particularly 
simplified when the configuration as shown in Fig. 3 is 
implemented in a 1-chip IC. In the circuit shown in 
Fig. 5, the microprocessor 11 can be formed on one chip 
including the clock generator 12, buffer 17, and 
parallel-to-serial converter 18. Then, the configura- 
tion of the overall circuit can be simplified further. 

Fig. 6 is a block diagram shewing an example of the 
configuration of a conventional microprocessor 20. The 
conventional microprocessor 20 comprises, in general, a 
CPU control unit 21 for controlling the decoding 
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operation of operation codes and overall operation, a 
command register 22 for temporarily storing a fetched 
command and supplying it to the CPU control unti 21, an 
arithmetic and logic unit 23, a general register group 
24 for temporarily storing data, a data bus buffer 25, 
an address bus buffer 26, and the like. Input/output of 
data is performed through a data bus 27, and an address 
signal is generated through an address bus 28. The CPU 
control unit 21 performs input/output of control signals 
to and from external memories, I/O ports and the like, 
through a control bus 29. 

When a control function of the CRT display unit is 
added to the microprocessor of the configuration as 
described above, the overall circuit configuration can 
be as indicated by the block diagram shown in Fig. 7. A 
microprocessor 30 shown in Fig. 7 has the parts shown in 
Fig. 6 and a display unit control register 31, an 
address select unit 32, and .a control signal buffer unit 
33. The display unit control register 31 supplies an 
address signal to the video RAM. The address select 
unit 32 selects one of the address signal from the 
display unit control register 31 and that from the 
general register group 24. The address select unit 32 
performs address signal switching so that the two types 
of address signals do not overlap causing noise on the 
display screen and that the original arithmetic 
operation of the microprocessor is not interfered with. 
The control signal buffer unit 33 generates status 
signals which respectively indicate that the vertical 
and horizontal sync signals V-SYNC and H-SYNC and the 
control signal are being produced. The control signal 
unit 33 also controls the switching of the address 
signal by the address select unit 32. 

In the embodiment described above, the address 
signal of the video RAM, sync signals V-SYNC and H-SYNC, 
and the status signals are produced. However, sync 
signals can be omitted if not required depending upon 
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the particular application. 

The circuit configuration shown in Fig. 7 can also 
include a parallel-to-serial converter which converts 
data read out from the video RAM to the video signal. 
In this case, in order to perform image display by the 
raster scan method, the signal must be converted into a 
serial signal. However, if display is to be performed 
with a number of liquid crystal displays, parallel 
signals can be supplied to these displays. In this 
case, only a buffer need be included. 

In the configuration shown in Fig. 7, a device 
having a FIFO function can be inserted between the data 
bus 27 and the parallel-to-serial converter or the 
buffer and the overall circuit can be formed into a 
1-chip IC. In this case, while the data bus 27 is not 
being used for the original function of the program of 
the microprocessor, data in the video RAM can be 
transferred to the device at high speed. Then, a large 
amount of image data can be transferred at high speed, 
and the image display function can be improved 
s ignif icantly . 

In the configuration shown in Fig. 7, the 
I/O port as shown in Fig. 5 can be included to form a 
1-chip IC. 

One or more of the address signals of the video RAM 
can be used for refreshing a dynamic RAM. The dynamic 
RAM can be used as a data memory, a program memory or 
the like used for executing the program. With this 
configuration, access to the dynamic RAM and refresh 
operation can be completely separated from each other 
with respect to time, resulting in stable system 
operation. 

In the configuration shown in Fig. 7, data read out 
from the video RAM onto the data bus 27 is converted 
into analog signals by a D/A converter, and image 
density can be controlled by controlling the level of 
the video signal. 
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In order to display a color image, the video 
signals can be obtained separately as signals R, G and 
for colors R (red), G (green) and B (blue). Voltage 
levels and color .combinations of the signals R, G and 
can be controlled ♦ The signals R, G and B can be 
produced as a mixed video signal, or separate video 
signals. 
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Claims : 

1. A microprocessor comprising; means for 
controlling an operation of picture data memory means, 
said controlling means including a circuit means for 
generating a control signal for controlling a display 
circuit which generates a picture signal for displaying 
display data stored in said picture data memory in a 
form of a corresponding character or bit image. 

2. A microprocessor for performing an arithmetic 
operation in accordance with a predetermined program, 
characterized by comprising means for controlling an 
operation of a video RAM, said controlling means 
including a circuit means for generating a control 
signal which controls a display circuit which generates 
a video signal for displaying display data stored in a 
video RAM in a form of a corresponding character or bit 
image . 

3. A microprocessor according to claim 2, 
characterized in that said controlling means generate an 
address signal for accessing a special address space for 
the video T^ftM,- -wiaiph is different from an address space 
in which a memory for executing a program is allocated. 

4. A microprocessor according to claim 2, 
characterized in that said controlling means include 
means for generating an address signal for accessing the 
video RAM and means for generating vertical and 
horizontal sync signals for displaying on a cathode-ray 
tube by a raster scan method. 

5. A microprocessor according to claim 2, 
characterized in that said controlling means ' include 
means for generating a display status signal for 
indicating an output period of the control signal. 

6. A microprocessor according to claim 2, 
characterized in that said microprocessor is formed on 
one chip. 

7. A microprocessor according to claim 3, 
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characterized in that said controlling means include 
means for performing a refresh operation of a dynamic 
RAM by using at least a part of said address signal. 

8. A microprocessor according to claim 2, 

5 characterized in that said controlling means include 

means for converting the display data read out from said 
video RAM into the video signal. 

9. A microprocessor according to claim 8, 
characterized in that said controlling means include a 

10 parallel-to-serial converter for converting said display 
data into a serial video signal. 

10. A microprocessor according to claim 8, 
characterized in that said controlling means include 
means for producing parallel video signals each having a 

15 plurality of bits from said display data. 

11. A microprocessor according to claim 8, 
characterized in that said controlling means include 
means for fetching said display data from a data bus 
while said data bus is occupied by an arithmetic 

20 operation of said microprocessor, and means for 

sequentially producing the video signals fros said 
display data. 

12. A microprocessor according to claim 8, 
characterized in that said controlling means include a 

25 digital-to-analog converter for producing a video signal 
having density information. 

13. A microprocessor according to. claim 8, 
characterized in that said controlling m-ar.s include 
means for generating a video signal having R, G and B 

30 signals corresponding to red, green and blue for color 
display. 
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